Aim This study performed a systematic review of the laparoscopic approach to intestinal malrotation and compare the outcomes to the open approach in children. Method Medline/PubMed databases were reviewed and studies in patients < 18 years published in English/Spanish were included and selected by two independent reviewers. Demographics (age, weight, type of malrotation, type of surgery, conversions, comorbidity and complications) were collected. Descriptive statistics were used to analyze the quantities portion of the study, with results presented as percentages, means and medians. Results Between 1996 and 2019, 26 papers with 1828 patients from newborns to 13 years (median 7 years, mean 6.5 years) met the inclusion criteria. N = 457 (25%) patients were treated laparoscopic, n = 1055 (57.7%) open and no data on n = 316 (17.3%). The rate of laparoscopic conversion was 16.8% (n = 77). 14/26 articles described appendectomy as a part of Ladd's procedure. 1/26 article (laparoscopy group) described cecopexy as a part of the procedure. There were 82 redo procedures (4.5%), 34 (7.4%) in the laparoscopy group and 41 (3.8%) in the open group (data not available n = 7). Complications were reported in n = 259 (14.2%), n = 62 (13.6%) in the laparoscopy group and n = 148 (14.0%) (n = 49 not specified). There were n = 4 lethal outcomes (0.4%) in the open cohort and none in the laparoscopic group. Conclusions Laparoscopic approach to malrotation in the pediatric age group is associated with a conversion rate of 16.8%. Poor reporting about the type of malrotation, co-mobidities and exact procedures performed needs to be improved to better evaluate outcomes both in laparoscopic and open procedures.
Introduction
Intestinal malrotation (IM) refers to a congenital disorder in which an arrest takes place in the rotation of the embryonic gut. As a consequence, the mesenteric base is abnormally narrow [1] [2] [3] . It is often a diagnosis of infancy with an incidence of 1 in 2500 live births and up to 1% of the general population [4, 5] , However, symptomatic malrotation is reported to be 1 in 6000 live births [6] [7] [8] [9] . Anomalies of rotation and fixation are twice as common in males as in females [10] . Around two decades ago, a classification for IM was proposed in which three stages were identified (Table 1 ) [11] .
The pathologic effects of anomalies of rotation arise from excessive mobility, compression, or kinking of bowel and predisposition to torsion, volvulus, and intussusception. Symptoms are overall about 50% present in the first week of life and more than 60% before the end of the first month; the most frequent symptom being bile-stained emesis [1] . Acute presentation of midgut volvulus occurs most frequently in neonate with likelihood decreasing with age [12, 13] . Up to 50% of the patients with midgut volvulus present within the first week of life and 50-66.5% of patients present in the neonatal period. Green or yellow-stained vomiting and abdominal distension are seen in neonates and infants whereas abdominal pain is prominent in older patients [13] [14] [15] [16] [17] . Patients always present not only with bilious vomiting or solely abdominal pain. Occasionally patients can also present with unusual clinical charts like afebrile convulsion, dehydration-electrolyte imbalance, feeding intolerance and inability to gain weight.
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Because of varied history and clinical presentations depending on patient age, a very high index of suspicion is required for early diagnosis and treatment which could prevent midgut volvulus, morbidity, subsequent short bowel syndrome and mortality [1, 13, [18] [19] [20] . Associated congenital abnormalities are found in approximately 30-60% of cases and may include intestinal atresia or web (the most common associated anomaly) [21] . The current gold standard for the diagnosis of a rotation abnormality is upper gastrointestinal contrast radiography (UGI) to evaluate the position of the duodeno-jejunal junction [21, 22] . Recently, identification of an abnormal orientation of the superior mesenteric artery and vein on ultrasonography has been advocated as a noninvasive way to screen [21, 23] .
The operative correction of malrotation was initially described by Ladd in 1936 and has changed little since then [1, 2, 21, 24, 25] . The laparoscopic approach for intestinal malrotation was first reported by van der Zee and Bax in 1995, and the principles of this approach are the same as the open technique [26] . However, laparoscopy has been used mainly to repair malrotation in clinically stable patients, whereas the open approach has been preferred in patients with suspected midgut volvulus [27] .
This study reviewed laparoscopic options regarding IM in children in the laparoscopic era and compares surgical outcomes between laparoscopy and open approach.
Methods
A systematic review of the literature was made using a defined search strategy. Two investigators independently searched Medline/PubMed database, using a combination of keywords like "laparoscopic and malrotation" and "laparoscopic and Ladd" 'malrotation in children" published in English/Spanish and the articles were selected using the PRISMA selection criteria ( Fig. 1 ) [28] . Only studies comparing open versus laparoscopic approach to treat intestinal malrotation in infants and children (patients under 18 years of age) were included. Patients were divided into two groups according to the surgical approach (open or laparoscopic). Data on age, weight and type of malrotation, type of surgery, conversions, comorbidity and complications were collected.
Descriptive statistics were used to analyze the quantities portion of the study, with results presented as percentages, means and medians.
Results
The review identified 65 articles (1996-2019), of which 28 full-text articles were reviewed and 26 of them met the inclusion criteria ( The rate of laparoscopic conversion was 16.8% (n = 77). The most common indications mentioned for converting to open surgery were inadequate view, technical problems and impossibility to reduce midgut volvulus. However, in most of the papers the indication to conversion was not reported or vaguely explained. Thereby, 14/26 articles described appendectomy as a part of Ladd's procedure, and only 1/26 article described cecopexy as a part of the procedure.
Redo procedures were reported in n = 82 (4.5%), of whom n = 34 (7.4%) were in the cohort managed laparoscopically and n = 41 (3.8%) open. Complications were reported in n = 259 (14.2%), n = 62 (13.6%) in the laparoscopy group, n = 148 (14.0%) in the open group and n = 41(15.8%) not specified. The most common complication was bowel obstruction reported in 14/26 articles, followed by recurrent midgut volvulus and wound infection reported in 6/26 articles. Associated comorbidities were reported in 10/26 articles, and only 3/10 were specific (monoventricular cardiac anomaly, partial situs inversus, paraesophageal hernia with gastroesophageal reflux, spina bifida, hydrocephalus, coarctation of the aorta, and a solitary right kidney). There were n = 4 lethal outcomes (0.4%) in the open group, whereas no deaths in the laparoscopic cohort. 
Discussion
With the advent of minimally access techniques, laparoscopic Ladd's procedure is increasingly being employed to manage malrotation in children, with the first Laparoscopic Ladd's procedure being performed in 1995 [30, 50] . Yet evidence regarding its safety and efficacy is lacking and controversies still exists in the operative management of malrotation among pediatric surgeons. The laparoscopic Ladd's procedure has gained more interest in the last decade due to reports emerging on its feasibility, fast post-operative recovery and low rate of longterm morbidity [30] . However, the present analysis shows that the open approach is still more commonly employed to correct intestinal malrotation in children (25% reported with laparoscopy vs 57.7% with open approach). This is could be probably attributed to the fact that a large proportion of intestinal malrotations are diagnosed in neonates, where controversies still exist with regards to the safety and effectiveness of the laparoscopic approach.
Midgut volvulus is the most feared consequence of intestinal malrotation as it may result in intestinal obstruction and ischemia with a potential for necrosis of the entire midgut [1, 19] . These situations lead to severe abdominal distention and in the emergency situation may not be suitable for the laparoscopic approach. In the present review, the indications for surgery were not described in all the articles, but the vast majority of reports described that suspected volvulus was a reason for primarily approached by laparotomy. There are some case reports and small case series reported that the laparoscopic treatment of intestinal malrotation with volvulus is feasible and recommended that this should be performed where expertise and equipment are available [31, 42] . On the other hand, other studies advocated against laparoscopy in patients with acute abdomen and evidence of volvulus [27, 30] . Hsiao and Langer proposed to avoid laparoscopic Ladd's in neonates with suspected volvulus and to restrict this approach to older children regardless the presence of a volvulus [27] . Isani et al. have concluded that although minimally access approaches are being increasingly employed, no evidence supports laparoscopic superiority over open Ladd's procedure [30] .
The conversion rate of the laparoscopic technique to open surgery was estimated to be 16.8%. The reasons for conversion to open were not specifically described; with some authors vaguely mentioning about technically challenging patients, patient in-tolerance, clinician inexperience, or use of laparoscopy to confirm the diagnosis of malrotation prior to committing the patient to a laparotomy. Fraser et al. have encouraged a low threshold for conversion to an open approach if there is any concern about volvulus or difficulty in establishing orientation with the laparoscopic approach [41] .
In the present study, no differences in the rates of overall post-operative complications were observed between the open (13.56%) versus the laparoscopic group (14.0%). However, re-interventions rates were higher in the laparoscopic group (7.4%) when compared to the open group (3.8%). There were n = 4 lethal outcomes (0.37%) in the open group, whereas no deaths were reported in the laparoscopic cohort. These results should be interpreted with caution, as there appears to be a preference toward open techniques in younger patients with more comorbidity. Both groups could not be compared in terms of size and clinical presentation. They may be definitely other factors that may affect outcomes but are not always measurable, such as surgeon experience and institutional volume. This could lead to some bias toward open surgery in higher-risk patient populations.
In this systematic review, the vast majority of the articles described that laparoscopy has advantages over open surgery as it was associated with shorter time to full enteral feeding and faster length of hospital stay [30, 31, 33, 34, [40] [41] [42] 44] . These results could be biased by the fact that patients in the open surgery group are more often symptomatic neonates with volvulus and/or with an increased risk of associated co-morbidities that may negatively affect the post-operative outcomes.
There are several limitations to the current study as the reported outcomes could be biased by the lack of patient information that would be important for a proper evaluation of risk stratification. In fact, not all authors reported details about their intra-operative findings (e.g. intestinal necrosis), surgical procedure (e.g. stoma formation), and/or time to volvulus post-Ladd's procedure. The assessment of the type of malrotation was difficult to categorize due to the lack of consensus among all the reports.
In conclusion, laparoscopic approach to malrotation in the pediatric age group is associated with a conversion rate of > 15%. Poor reporting about the type of malrotation, comorbidities and exact procedures performed needs to be improved to better evaluate outcomes.
